SMART SOLID STATE RELAY 



BACKGROUND OF THE INVENTION 

Field of the Invention 

This invention is related to a solid state relay 
including a power MOSFET in which the circuitry of the 
relay floats when the power MOSFET is commanded OFF to 
prevent leakage currents from draining a battery. This 
invention is also related to the prevention of arcing 
when electrical connectors are unmated. This invention 
is also related to 42 volt electrical systems that can 
be used in automobiles or motor vehicles to reduce 
electrical losses . 

Description of the Prior Art 

Contacts carrying significant amounts of power will 
arc when disconnected. The amount of arc damage 
experienced by the contacts depends on their physical 
structure, the load current, the supply voltage, the 
speed of separation, the characteristics of the load 
(resistive, capacitive, inductive) as well as" otheTr 
factors, ^ 

Future automotive systems are expected to utilize 
42 volts in order to reduce the load currents and the 
associated wiring losses. This increased voltage could 
cause significant arc damage to occur to the present 
connectors designed for 12 -volt operation. To avoid the 
possible liabilities associated with catastrophic 
connector failure, automotive manufacturers are 
requesting a new connector design that can be hot- 
swapped some significant number of times. Twenty cycles 
is considered to be a minimum requirement. 



To disconnect 42 -volt power without significant 
damage requires interrupting about 1500 -watts for many- 
loads and as much as 15 KW for the main battery circuit. 
P3-esent day modules used in automotive applications can 
consume more than 500 watts. Power supplies must 
deliver one or more kilowatts of energy. Conventional 
solutions require either that the current be shut off 
before the contacts are separated or unmated or employ a 
sacrificial contact portion. Cost, space, reliability, 
safety, performance and complexity of these 
conventional solutions make them unsuitable for 
applications, such as automotive electrical systems. 

There are many things, known in the power utility 
profession, which will quickly extinguish an arc and 
many things known in the relay industry that will 
minimize arc damage to connectors and contacts. These 
can be found in literature such as Gaseous Conductors by 
James D. Cobine and the Ney Contact Manual by Kenneth E. 
Pitney. Most of these methods are not practical in 
typical smaller and separable electrical connectors such 
as those used in automobiles, computers and appliances. 
None of them will eliminate arcing. In fact, even 
contacts that are rated for current interruption use in 
such smaller power connectors will be destroyed by 
interrupting rated currents often enough or slowly 
enough. There is a finite life for existing connectors 
since arcing will occur and cause damage each time the 
connector is disconnected. 

One approach that has been suggested is to include 
a relay in the electrical system that will be switched 
off prior to disconnection of an electrical connector. 
The relay could be incorporated in a junction box or 
other enclosure that must be opened before the connector 



can be disconnected. When the junction box or enclosure 
is opened, the relay would also be opened when this 
approach is employed. Such an approach would, however, 
require additional components for every electrical 
connector that might be unmated or mated under load, and 
as such would add complexity and cost to an automotive 
electrical system. 

Another alternative that has been considered is to 
incorporate a switching component, such as a power 
MOSFET, in an electrical connector. Such a switching 
device would be switched off before arcing could occur. 
However, individual power MOSFET 's do not possess the 
required combination of size, current carrying capacity 
and cost to make such a solution practical at the 
present time. In addition conventional power MOSFET 's 
have not been widely accepted for use in automotive 
applications, because of leakage currents that can drain 
a battery when a large number of such devices are used 
in an automotive electrical system. US Patent 
Application 5,926,354 discloses a solid state relay and 
a circuit breaker that includes a power MOSFET. 
However, the solid state relay circuit disclosed therein 
includes a ground connection through which current can 
leak from the battery positive terminal to ground when 
the power MOSFET is commanded to the OFF state. It is 
believed that conventional solid state relays that 
employ a power MOSFET exhibit this leakage problem if 
those relays are used in a standard relay package with a 
standard pin configuration. A solid state relay in 
accordance with the instant invention eliminates the 
leakage problem for solid state relays in standard 
configurations . 



SUMMARY OF THE INVENTION 



The instant invention comprises a solid state relay 
including a power MOSFET in which there is no leakage to 
ground when the solid state relay is powered, but 
commanded to the off state, in which current is not 
carried by the power MOSFET. Furthermore, this solid 
state relay can be used in conjunction with an 
electrical connector in which the solid state relay will 
be turned off between the start of unmating of matable 
electrical connector halves and complete unmating of the 
two connector halves . 

A solid state relay, according to this invention 
includes a power MOSFET for switching current to a load. 
The MOSFET includes a source, a gate and a drain. The 
power MOSFET is turned on by an active low input to the 
gate. The solid state relay also includes a circuit for 
applying a gate input to shut off drain to source 
current when a voltage drop between the MOSFET source 
and drain exceeds a reference voltage. The power MOSFET 
is isolated from ground potential except through the 
gate when the solid state relay is connected between a 
positive battery voltage and a load. The circuit and 
the active low gate are configured to float in the 
absence of an active low input to the gate, and are not 
tied to ground, to prevent leakage when the power MOSFET 
is in a nonconducting state. 

In representative embodiments, the solid state 
relay includes a first relay terminal connectable to a 
high battery voltage potential, a second relay terminal 
connectable to the high side of a load, and a third 
relay terminal comprising a signal input terminal- This 
solid state relay also includes a power MOSFET having a 



source connected to the first relay terminal and a drain 
connected to the second relay terminal , The power 
MOSFET includes a gate connected to the third relay 
terminal . The power MOSFET is turned to an On state by 
an active low input applied to the third relay terminal. 
A pull up resistor is connected between the first and 
third relay terminals. A circuit, including a PNP 
transistor in the preferred embodiment, senses source- 
drain voltage drop when the power MOSFET is in an ON 
state. The voltage sensing circuit is connected to the 
gate so that when the source -drain voltage drop exceeds 
a reference level, the power MOSFET is turned to an OFF 
state- The solid state relay circuitry floats relative 
to ground potential when the active low input is removed 
from the third terminal so that leakage current between 
a high battery voltage potential and a ground voltage 
potential is eliminated when the power MOSFET and the 
solid state relay are commanded to an OFF state by the 
absence of an active low input at the third relay 
terminal. This relay can be used in conjunction with an 
electrical connector connecting the solid state relay to 
the load having a long pin to the second relay "terminal 
and a short pin attached to an additional relay 
terminal . 

According to another aspect of this invention, an 
electrical system, such as a 42 Volt automotive 
electrical system, includes an electrical connector and 
a solid state relay attached to the connector to prevent 
arcing when mating contacts in the electrical connector 
are disconnected. The electrical connector includes 
first mating contact means, such as load pins or blades, 
and second mating contact means, such as a shunt or 
short pin. The first mating contact means have 



sufficient current carrying capacity to carry the entire 
current through the connector. The second mating 
contact means will be disengaged prior to disconnection 
of the first mating contact ^means , when the electrical 
connector halves forming the electrical connector are 
unmated. The solid state relay includes a power MOSFET. 
The power MOSFET is switched off when the second mating 
contact means are disconnected so that no current is 
carried by the first mating contact means when the first 
mating contact means are disconnected . 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is a schematic of a circuit in which a 
power MOSFET is used in a solid state relay that can be 
switched off before arcing could occur as an electrical 
connector is unmated or mated. 

Figure 2 is a schematic similar to Figure 1 in 
which two power MOSFET 's are paralleled in the smart 
solid state relay. 

Figure 3 is a view showing the relative position of 
electrical contacts in an electrical connector in a 
fully mated configuration. 

Figure 4 is a view of the connector of Figure 3 
during initial unmating of connector halves, showing the 
manner in which a shunt is disengaged before terminals 
carrying the electrical load are disconnected. 

Figure 5 is a view of the connector configuration 
of Figures 3 and 4, in which male and female load 
carrying terminals are in a position where arcing might 
occur if the relay had not previously opened this 
circuit as a result of disconnection of the shunt. 
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Figure 6 is a view showing male and female terminal 
unmated, but with the shunt engaging the disengaged male 
terminal - 

Figures 7A and 7B are views of male and female 
terminals in an alternate embodiment of this invention 
in which a short terminal is disconnected before longer 
load terminals to allow sufficient time for the smart 
solid relay to switch off. Figure 7A shows the 
connector in which both long and short pins are mated 



10 and Figure 7B shows that the short pin is unmated before 

Car 

yl the long or load pin. 

Figure 8 is a view showing one version of the solid 

ni state relay in accordance with this invention. This 

^ ... 
a embodiment of the relay uses quick connect terminals of 

ll^ 15 the type conforming to ISO 7588-2. 

ill 

□ Figure 9 is an exploded view of the solid state 

relay, also shown in Figure 8, showing two power 
MOSFET's used in this relay. 

Figure 10 is a schematic of an embodiment of a 
2 0 solid state relay in accordance with this invention that 
can be substituted for a conventional electromechanical 
relay. 

Figure 11 is a schematic of another embodiment of a 
solid state relay in accordance with this invention. 
25 The embodiments of both Figures 10 and 11 are 
suitable for use in applications other than the 
prevention of arcing as an electrical 
connector is unmated or mated . 

Figure 12 is a view of a pin configuration for a 
30 standard mini relay that conforms to ISO 7588-2. 

Figure 13 is a view of a pin configuration for a 
standard mini relay that conforms to SAE J1744. 
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Figure 14 is a schematic of a standard Form A 
relay. 

Figure 15 is a schematic of a standard relay having 
two switched contacts at the same voltage potential . 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

The preferred embodiments of the solid state 
relays in accordance with this invention are intended to 
substantially conform to conventional standards for 
electromechanical relays, such as ISO 7588-2 or SAE 
J1744. Although these specific standards are discussed 
with reference to the representative embodiments of the 
invention, it should be understood that the elements of 
this inventions could be adapted to other standard or 
custom relay configurations. Some preferred embodiments 
are therefore suitable for replacement of standard 
electromechanical relays, without introducing current 
leakage common to devices employing power MOSFET ' s as 
the primary switching devices. Other preferred 
embodiment can be used in other applications, such as to 
prevent arcing when an electrical connector is mated or 
unmated, but these other embodiments still conform in 
many ways to these standards. For example, the pin 
configurations for those relays that are used to prevent 
arcing still basically conform to standard pin 
configurations so that minimal changes to other 
components of wiring systems need be made. For this 
reason the standard pin designations, 30, 85, 86, 87 and 
87a are used for each embodiment. The location of these 
pins are also shown in schematics of the relay circuits. 
Each of the embodiments of solid state relay has been 
identified as solid state relay 1, even though various . 
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embodiment may differ in detail. Certain embodiments of 
this relay include components that could be added as 
separate components to circuits in which those 
embodiments might be employed. 

The first embodiment of solid state relay 1 shown 
in Figure 1, is OFF (Ql not conducting) with its 
circuitry floating, with respect to ground, until it is 
commanded ON by an Active Low signal at the input 
terminal. The circuitry is allowed to float to 
eliminate leakage current flowing from B+ to ground when 
the relay 1 is powered but is commanded OFF. Leakage can 
be a significant problem in automotive applications in 
which other solid state relays might used to switch 
conventional loads. Even small leakage currents can 
significantly drain a battery when a large number of 
solid state relays are used in an automobile or motor 
vehicle . 

The solid state relay 1 shown in Figure 1 employs a 
conventional power MOSFET. In the preferred embodiment, 
an IRF 4 905 MOSFET manufactured by International 
Rectifier is employed. This particular power MOSFET is 
relatively simple and relatively inexpensive and does 
not include some of the additional features of other 
power MOSFET that are not required for this solid state 
relay application. The source of this power MOSFET is 
at a higher potential than the drain when the power 
MOSFET is OFF. As shown in Figure 1, the source is 
connected to the positive battery voltage through an 
intervening diode D3 . The power MOSFET drain is 
connected through a connector 2 to a load, which is in 
turn connected to the relatively negative battery 
voltage. Details of this connector 2 will be 
subsequently discussed in greater detail . The load 



depicted in Figure 1 is representative of any one of a 
number of conventional loads, including inductive loads, 
which can be switched with this relay - 

The power MOSFET gate is connected to conventional 
control circuitry that need not be shown or discussed in 
detail- It is only necessary that this control 
circuitry be capable of inputing an Active Low signal to 
the power MOSFET, and in turn the solid state relay, is 
to be commanded ON. When the solid state relay 1 is 
commanded ON, the power MOSFET Ql turns on and begins 
conducting, thus providing power to the load. When used 
in a motor vehicle application, the Active Low input 
signal could be generated as a result of a manual 
command to energize a particular load, such as lights or 
a heater fan, or the Active Low input signal could 
result automatically because of a change in state of 
some monitored variable. 

A bipolar PNP transistor Q2 is also part of 
circuitry of this solid state relay. The emitter of 
transistor Q2 is connected to the positive battery 
voltage through diode D3 . The collector of transistor 
Q2 is connected to the gate of the power MOSFET at the 
junction of resistors R3 , and R4 . The base of 
transistor Q2 is connected to the emitter through a 
resistor R8 . The transistor base is also connected to 
the relay contact terminal 86 through resistors R9 and 
R7. The PNP transistor base is also connected to at 
least one pin or contact in the connector 2 through 
intervening resistor R9 and diode D2 . 

The purpose of the PNP transistor Q2 is to monitor 
or sense the voltage drop across the source and drain of 
the power MOSFET Ql and a shunt or short pin in the 
connector. When the solid state relay 1 commanded ON, 



with the power MOSFET conducting, the drain/ source 
resistance Rds (on) and the current will result in a 
voltage drop across source/drain junction of power 
MOSFET Ql that is proportional to the current flowing 
through the power MOSFET Ql . In the preferred 
embodiment, when the voltage drop across the 
source/drain junction and the shunt or short pin 
connection exceeds 0.7 volts DC, the PNP transistor Q2 
turns ON, shutting off the MOSFET Ql . When this solid 
state relay 1 is used with the connector 2, the diode D2 
and resistors R8 , R9 and R7 provide the capability of 
biasing the Emitter/Base junction of the PNP transistor 
to shut off the power MOSFET Ql at varying current 
ranges. In the preferred embodiment, the Emitter/Base 
junction can be biased between 0 . IV and 0.6V. 

A number of components are included in the solid 
state relay 1 to protect the relay or other components 
of the electrical system in which the relay is used. 
Zener diode Zl is connected between the positive and 
negative battery voltages to provide over voltage 
protection for the battery. For a 14 volt system, a 
diode Zl wiri typically" be" selected to protect the 
battery from load dump transients which would exceed a 
predetermined value, such as 30 volts. For a 42 volt 
system, a diode Zl would be selected to protect the 
battery from 68 volts. Diode D3 is connected at the 
positive battery voltage to protect circuitry connected 
to the battery from reverse battery connection. Diode 
Dl is connected between the negative battery voltage and 
a point between the load and the drain of power MOSFET 
Ql. Diode Dl is a free wheeling diode that protects 
the relay 1 from transients generated by disconnection 
from inductive loads. The RC circuit of R4 and CI 



provides immunity from transients, such as inrush 
current from lamp loads, prematurely shutting off power 
MOSFET Ql . Zener diode Z2 limits the gate voltage of 
the power MOSFET Ql and provides a constant voltage for 
operation of PNP transistor Q2 . Pull up resistor R2, 
between the gate drive circuit and positive voltage 
potential prevents inadvertent triggering of the relay 
1 . 

As shown in Figure 1, the solid state relay 1 is 
used in conjunction with a connector 2 in a 
configuration that will prevent arcing when the 
electrical connector is disconnected from the load. 
Although arcing has not been regarded as a problem in 
many applications, such as 14 Volt automotive electrical 
systems, a 42 volt electrical system could result in 
arcing problems, especially when an electrical connector 
is disconnected under load. At least one load pin in 
included in the connector for conducting current through 
the power MOSFET Ql and the load. The connector 2 also 
includes a short pin or a shunt- Either the short pin 
or the shunt would be disconnected prior to 
disconnection of the load pin. As shown in Figure 1, " 
either the shunt or the short pin is connected to the 
drain of the power MOSFET Ql . Since the short pin or 
shunt is connected indirectly to the base of the 
transistor Q2 , disconnection of the short pin or shunt, 
or the drain of the power MOSFET Ql , will cause the PNP 
transistor Q2 to switch ON. Since the transistor Q2 is 
connected between the positive battery voltage and the 
gate of the power MOSFET, the gate will be in a high 
state when the transistor Q2 is ON, conducting current 
from the positive battery voltage. Since the power 
MOSFET Ql is off when the gate is in a high state, the 
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power MOSFET Ql will revert to the OFF or nonconducting 
state when the transistor Q2 is ON, and one event that 
will turn the transistor Q2 On is the disconnection of 
the short pin or shunt in connector 2 . The switching 
time of this solid state relay 1 is sufficiently fast 
that a short pin that is approximately 0.200 inches 
shorter than a load pin will provide adequate time for 
the relay 1 to switch from an ON to and OFF state before 
arcing will occur as the longer load pin is disconnected 
in the connector 2 . 

For applications in which. a single power MOSFET Ql 
is inadequate to carry sufficient current, plural power 
MOSFET 's can be paralleled. Figure 2 shows a solid 
state relay 1 in which two power MOSFET • s Ql and Q3 are 
connected in parallel between the positive battery 
voltage and the load. Resistor RS , having the same 
value as Resistor R5, is connected to the gate of power 
MOSFET Q3 in the same manner as Resistor R5 is connected 
to the gate of power MOSFET Ql . As can be seen from 
Figure 2, the same input will be applied to the two 
gates of the two power MOSFET 's Ql and Q3 . Additional 
power MOSFET devices can be paralleled in the same 
manner . 

Suitable values for the various components shown in 
Figures 1 and 2 are listed below. 



Ql - IRF4905/TO-220 

Q2 - 2N1132 

Q3 - IRF4905/TO-220 

CI - 1 F/50V ceramic 

Zl - 30Vor68V Zener Diode depending upon 
B+ 

Z2 - 15 volt Zener Diode 



Dl 


1N4 007 


D2 


BAS70/SOT 


D3 


19TQ15 


Rl 


3K Ohms 


R2 


lOK Ohms 


R3 


lOK Ohms 


R4 


lOK Ohms 


R5 


100 Ohms 


R6 


10 0 Ohms 


R7 


lOK Ohms 


R8 


IK Ohms (1%) 


R9 


IK Ohms (1%) 



Relevant details of one version the connector 2 are 
shown in Figures 3-6. This connector 2 has two mating 
connector halves 10, 20, the first of which includes at 
least male terminal or load pin 12 . This male terminal 
or load pin 12 carries the current between the drain of 
the power MOSFET Ql and the load 4, and is terminated to 
the drain, or to a wire or conductor leading to the 
drain. A mating female terminal 22 in a second 
connector half 20 is connected to the load 4, either 
directly or indirectly by means of an electrical 
conductor. The first connector half 10 includes a shunt 
16, that protrudes beyond the male terminal 12 and the 
housing 14 of the first connector half 10. The shunt 16 
must be connected to relay 1, terminal 87a and will be 
connected to the base of the PNP transistor Q2, through 
diode D2 and resistor R9, when this first connector half 
10 is fully mated with the second connector half 20. 

The shunt 16 comprises a deflectable cantilever 
spring that will also engage the female terminal 22 in 
the second connector half at a contact point 18 when the 
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two connector halves 10, 2 0 are fully mated as shown in 
Figure 3 . When the shunt 16 is connected to the female 
terminal 22, the shunt 16 will also be connected to the 
male terminal 12, and subsequentially to the drain of 
power MOSFET Ql . The housing 24 of the second connector 
half includes a protruding section 26 with a ramping 
surface 2 8 that is opposed to the cantilever beam 
section of the shunt 16. As the second connector half 
2 0 is unmated from the first connector half 10, a 
portion of the shunt 16 adjacent the contact point 18 
will engage this ramping surface 28. Continued movement 
of the two connector halves 10, 20, as shown in Figures 
4 and 5, will disconnect the shunt 16 from the female 
terminal 22. Since the shunt 16 is not otherwise 
connected to the male terminal 12, the shunt 16 will be 
disconnected from the power MOSFET drain when the shunt 
16 is deflected outwardly. The shunt 16 will be 
disengaged from mating engagement with the female 
terminal 22 before the male terminal 12 is disengaged 
from the female terminal 22. More importantly, the 
shunt 16 will be disengaged from the female terminal 22 
before the male and female terminals have reached a 
position, as shown in Figure 6, in which arcing could 
occur if the current were still flowing through the 
power MOSFET Ql . However, when the shunt 16 is first 
disconnected from the female terminal 22, as shown in 
Figure 4, the connection between the drain of the power 
MOSFET Ql and the base of the PNP transistor Q2 is 
disrupted. The transistor Q2 will then turn ON turning 
the power MOSFET Ql off. The combined switching times 
of the transistor Q2 and the power MOSFET Ql is less 
than the time intearval between disengagement of the 
shunt from the female terminal and relative movement of 
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the male terminal to a point, shown in Figure 5, at 
which arcing can first occur as the two connector halves 
are unmated. Figure 6 shows that when the two connector 
halves are fully unmated, the shunt 16 will not be 
connected to the load pin 12 . When the two connectors 
are mated, a current path between the shunt 16 and the 
load pin 12 will only be established when the connector 
halves have reached the position shown in Figure 3, at 
which point the power MOSFET can be switched to the ON 
state and current will flow through load pin 12. The 
MOSFET (relay 1) cannot be switched to the ON state 
unless shunt 16 is engaged at contact point 18 as shown 
in Figure 3. Current will flow only after the male and 
female terminals have passed the arc susceptible region 
shown in Figure 5 . 

An alternative connector configuration that can be 
used with this solid state relay 1 is illustrated by the 
mating terminals shown in Figures 7A and 7B. This 
configuration employs two male terminals which can be in 
the form of blades or pins or other conventional 
configurations. A longer load pin 32 is connected to 
relay terminal 87. A shorter pin 34 is connected to the 
relay terminal 87a. When both the pins 32 and 34 are 
connected to a mating female terminal, the relay 
terminal 87a is connected to the relay teorminal 87. The 
load male terminal or terminals 32 is longer than the 
separate short male terminal 34 that is connected 
through diode D2 to the base of the monitoring 
transistor Q2 . If the length of the long or load 
terminal exceeds the length of the short terminal by 
approximately 0.200 inch, there will be a sufficient 
interval between disconnection of the short terminal 34 
from the female or receptacle terminal and disconnection 
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of the longer load terminal 32 or terminals to permit 
the transistor Q2 to switch ON and the power MOSFET Ql 
to switch to the OFF state before the load pin 32 
reaches a position in which arcing might occur. Thus, 
the longer load pin 32 will not be carrying current when 
it reaches an arcing position. The terminals shown in 
Figure 7 are only representative of the configurations 
that could be employed with this arc prevention 
apparatus . 

Figures 8 and 9 show a relay apparatus 
incorporating the elements of this invention in a 
standard relay configuration. Relay 1 includes pins 30, 
85, 86, 87, and 87a in a standard pin configuration 
conforming to ISO 7588-2. Other standard pin 
configurations are also possible. Relay 1 also includes 
a printed circuit board 40 on which the other circuit 
components can be mounted. This configuration also 
provides the capability of biasing the Emitter/Base 
junction of the PNP transistor Q2 between 0 . IV and 0.6V. 
by replacing resistor R9 with a resistor of an 
appropriate value. As shown in Figure 9, this relay 
includes two power MOSFET 's Ql and Q3 , so this 
embodiment will conform to the circuit shown in Figure 
2 . It should be understood that only a single power 
MOSFET can be employed in a solid state relay of this 
type or additional power MOSFET 's can be paralleled. 
The power MOSFET »s Ql and Q3 are bonded to a 
conventional heat sink 50, and the assembled package 
shown in Figure 8 can be epoxied or inserted into an 
outer cover, not shown. 

Figures 1-7 demonstrate the use of a solid state 
relay in accordance with this invention in which the 
relay is used to prevent arcing when an electrical 



connector is mated or unmated. Solid state relays used 
to prevent arcing can be assembled as shown in Figures 8 
and 9. Solid state relays of this type can also be 
used for other applications. For example, the solid 
state relay, shown in the schematic of Figure 10, can be 
substituted for a conventional electromechanical relay 
having the same rating. Pin 30 would be connected to 
the positive potential, pin 87 would be connected to the 
load and pin 86 would be connected to a disconnectable 
ground, such as an external switch. A standard 
electromechanical relay used in the same circuit would 
have the same electrical connections. The battery 
overvoltage protection provided by Zener Diode Zl and 
the protection of the relay from transients provided by 
free wheeling diode Dl could be provided elsewhere in 
the circuit in which the relay is used. Figure 11 shows 
a version of a solid state relay in which the Zener 
Diode Zl and the freewheeling diode Dl are incorporated 
in the relay in much the same manner as the schematics 
of Figures 1 and 2. The embodiment of Figure 11 would, 
however, require a ground connection 85 that would not 
normally be available for standard electromechanical 
relays of this type. 

The standard pin configuration for an ISO 7588-2 
mini relay is shown in Figure 12. Primary dimensions 
are shown in inches with equivalent dimensions in mm. 
also shown in the view. Each of the versions of the 
solid state relay 1 depicted herein can be implemented 
with the pin configuration shown in Figure 12. These 
versions of the solid state relay 1 can also be 
implement in the pin configuration for a standard mini 
SAE J1744 relay as shown in Figure 13 . These are the 
two standard relay configurations used for automotive 
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electrical systems, and the smart solid state relay 1 of 
this invention is basically compatible with each 
standard relay. 

Figure 14 is a simple schematic for a standard Form 
A relay- A Form A relay has one switchable output, and 
the smart solid state relay 1 of this invention has the 
functionality of a standard Form A relay. Figure 15 is 
a simple schematic for a relay having a switched output 
pin 87 and a sense pin 87a. It is this pin 
configuration with which the smart solid state relay 1 
can be used to prevent arching as shown in Figures 1-7. 
The relays of Figures 1 and 2 will provide the means to 
shut off current to the load pins that remain connected 
to relay output 87 after the short pin or shunt 
connected to relay sense pin 87a has been disconnected. 

An important advantage of this invention is that it 
can be essentially adapted to standard relay 
configurations. It should be understood, however, that 
representative embodiments of this invention, which 
included this advantage, are not the only versions of 
this invention that would be apparent to one of ordinary 
skill in the art. Therefore, this invention is defined 
by the following claims and is not limited to the 
representative embodiments depicted herein. 
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